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(54) SEMICONDUCTOR LASER AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide (1) a semiconductor laser, which 
has a low-threshold current and high slope efficiency characteristic and 
has a narrow output angle, (2) a method of manufacturing the laser and an 
optical communication system, (3) which comprises a semiconductor laser 
such as described in (1), (2) as the light source. 
SOLUTION: A semiconductor laser is constituted into a structure, wherein 
the laser is provided with a substrate 1 and a multilayered structure 
formed on the substrate 1, the multilayered structure comprises an optical 
waveguide region having at least an active layer 3 and an embedded layer 8 
for filling the periphery of the optical waveguide region, the optical 
waveguide region is formed into a stripe form with respect to a resonator 
length direction, the stripe width of the optical waveguide region is formed 
so that the relation between a width W1 in the front end surface of the 
optical waveguide region and a width W2 in the back end surface of the 
optical waveguide region satisfies the condition W1<W2 and the stripe 
width is continuously changed between the widths W1 and W2 in the 
resonator length direction to generate a laser beam with a very narrow 
spread angle. The stripe width of the optical waveguide region is changed 
linearly in the resonator length direction, and the slope of the change is 
about 0.14 degrees or narrower with respect to the resonator length direction, 
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3, pSInGaAsP3£gfll;jia614. aVpSlnP^yv HJB5 
T«Wt8*lTVi*. ¥#tt^-1f§S§400O&jg?SJI 

[0054] ^ftu-Hf«a4oooai*flWfflii«{i. 

m 1 WHSfi^BltfcttS^ftU-^SlOO^fltJSi: 

o, %<fimmtzzx-\xm$h. 

[0055] *^Jfe^JS^*«sU-ifgS400-C'«, 
IHW a t fR« b k c7)P B lot||?20, awf*«c t ®m t 

x\ <mbfri t»)w*iwm&&tttija. mm 
AkfH«Bi:wiaw«*2o. wmmbmmcbvffl 
<r)®#2ix\ *ix?ti<?>®mztiv&m$<r)9SLfimtf 

-%Ct&ZbZWo. U->X. 01 4(d)c7)}l£*0tC75 
•jtdwfcwiHiS^T^. H*C» ffll^Bco^ 
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h 5 a rut. mm\x'<r)m j rt\m.<r>-^mmi i ±t^ 

[00 56) Z.CD®%®mz1-&z:tlz£r). m®At 

mm b , mm® b t mmc cnmmRwi iz& 
wc, mmco^ittfrn^MzKb, ztuzi:->x.% 
«<nmmRmuztetthftcnKmwm%i\x . 

COO 57] HI 5(a)-(d)^^t>'(C0l 6(a)&tf(b) 
I 0 0 5 8 ] 0 1 5 (a) fcttaWfc ifr*- J: 5 fc . ffl^A 

k b t aia«o*ff 20 . &ira*s b t mmc t <mn 
immza \ixx\-y-i nttfMmizKft, lx»i*& 
#*ff2oat^2iTffljfsp<>saK:se'ftLT^i. z 

its. d<oiia, ««A«s«»^«v^i«ac<^ 

*. fllf#iflltt<9K-?i£«fc:*Nv^ £*ii»tf>«JJrW$r 
WR*- F k £*JHWfc*MW ilMIt- V (s<4y 
WR*- H ) k tf-gcta k . 0 l 5 (b)«o«^^Hx 

WfE-TS^'fy^fi^-F-C'^O, #$.#-^23(4. £ft 

Wfr-YW&otihvrCht. Zco£ol,z2Wm<v% 
«*-H*»fe«r*«R*-Kt, Ffcof 
Sffet. aA«8HI*^Mtr*t. 015(c)ggv> 
1401 5(d)OJ:a(cffi8^^h/kb9Sfl:L. U-f* 

[0059] -n:mi 6 (a)ji. ipmmmmmw 
v-^m.tito<r>^mmM^-tmx'hht)K mm 
Ak»«Bk<oiai<o«#2o, at^ffl^Bt^ct^ra 

x'coitmm® $ <t* . i oas* . h 1 6 (w tc^f 
iat, ^A^*fin^^(±®Jicoft«^(^ 

[0060] {%5<nmmm) 01 7<a)«. 

0» 5 coHSfe^ffiO^S^U— fgS5002r BuBo^M 
£0T'*>9, 01 7(b)(i, «^fi500S:aiii 
*»4>Jlfcia?*4. 01 7(c)(4, 9 

ZXllzlXbh. $ ^>t=. 01 7(d)(4, *mfo\s- 

•fmmmt^m $ *t£ imfrh *■ tz mmm 
x-hh. tea. mnMRt/^izmi^mmt^b 

y^y'UX'h*). ZnZbyjrim* nglnGaAsPftffl 
imm2. m&?#P'm®3. pSlnGaAsPftPfltii 



[0061 ] *»*U-lf«!BO(Koa*«iSrfl|jS{i. 

[0062] *3tattBJBW»«cU--t^Sa500-C«, 
mi&ARVmt&Cizis^X , Si$Bk&f 

54 rpf«|iB<0*$ fl«Ak*ltt<Bk<D|S]W 
WK5&^«WC k fR« B k (0^C0^26*« . ^fittft 

[0063] £<9«*«jfcfc , t*.rkfcJ:'). 017 
(cHC^t «* 3 fc , fttt A k #($B k CT)HcOiI#25at>" 

XF7'f7*^ht|6](t^it|). Zntzfr, m^AAX/m 

ma. *timx'ttm&tixmi%wx\ « 

[ 0 0 6 4 ] fcjfe. «#25»t«6<Ofl»fft«J4*r tt> 
45«T*&«M»4ii< . l^l5S*^^5Jg(7)3gfflt'J>il 

[ 0 0 6 5 ] 0 1 7 (cXOfiSfiJtefi, «^25t« 

■»26kii. m^mfaizttix&m^z&mizm^ 

X^liiK 017(d)c7)j;3(C. ftjWMt^WfcifLT 
[0066] (m6<OHifiJS®) 018(a)(i. *^ 

6 o%iGtflia¥*flci'--ir ^S6oos-fra^ ^£ 
f^T'^o. 01 8(b) tmfou—rmmoo&m 
frbjLtzmx'bh. ttz. 0i8(c)(i. ?mfa]s-*f 
mM.em±.m^M.fzmmmxh o , ftm&tfbfr 

tJSfcLTfcft. Jfirfe, 018(c){cfc{f|,^g5g|5(i 
Xb7-fri4T-J>0, ^(7)^h5^ri4{i. nMlnGaAsP 
5Emtii^«2. ^fiM^#F?S14«3, pMlnGaAsP5tm 
t^®4. RlfipSllnPty -y m5Xmi8.ZtlX^& . 

[0067] ^mw^-^mwmmm^mmmt. 
m i commmmizm^mi^u-i'mmvmm^.t 

Rtffti. iait«Jft»*fc:*ilBlt«H»^S:ftUT*J 

[0068] *HJfiJgJS<O^«?U-ifHS600T'«, 
««AftVfa«C^$«:tt5juinJ3lTkL'CV^. i 
ittcJ:0, 01 9^-tJ:3(c. }#^it*%ffi^^^ b 

/M=* v . u — f mmmnmm^x'h h 1 . 3 
x/m&fscii. ««A<oft«^fti/ia«c<io*«a8fi 
n«a-r*«»r«*ft«»*-F23«»tt*-f, ^«ig 

SMtCfflS-f6fagt-F24<0»iWeqitt4. ^cofe 
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1&V\ *«A&tXffl«CW*S*«JJE<0«J:"3 
IKSrifc. ffWA^^«v^iifl(iAC^RIM 

[0069] (»7«03afc$J||) 020 (a)<3, 
fcETe* 1 ). H2 0(b){4. ¥3S*U~!fgfi700£:f£ffl 

*>fejifciaTfts. ifc, 12 o(c) (4, 

44d£UC£>4„ 02O(c)fct5»t4$'*aHi 
Xh7^7*14T-$>0, -TO* h 54 7*1414 » nUInGaAsP 
3ffl!tSW>l2. ^fi*^F#Fvgttl3. pSlnGaAsPftpJ! 

^f*^-1fgfi700O?&«i!fcftf4» 1.3MmjfiflrCft 
4. 

[0070] ¥#flcU~ f^S700«oa*W'S:^{4, 
[007 1 ] *HSfi»ffiW^^fr^— <F'I£fi700T1;t 

*L=5r^. ^« A <oft $ t^mSp. mX'bh<F)X\ 

mm^nm-rtiizximm^mm^t^K 
[0072] mscomtmm 02 m. *mm 

&im&%iimz®'>tiww®x'*>h. 

■800O9K& i££t4 . 1 . 3/x m ififlJTJb 6 . 
[0073] ^»«5l^-if^S800<7)tt*W=3rfll«{4, 

as 1 nmmmizm& i mftu--fmw.\<mffij8.!i 
mtT&i. m®&mmiizimimm^t:ttLx}5 

[0074] *mtmm<vtmft\'— mmrnxu. p 

jlJcOAu/Znmfiil2&yTi/Au«figl3^. SBffifcWfirHfiR 
fc*4 5o^#&$29~33fc4oT#SI3*l-0^4. 
8lr»29~33T'«4, pfflInGa/teP3>'*?hJH9, 
^ ? h !9c7)ET^pMlnP^ y -y K«8CD-»\ § 4>tc 

[0075] #!i $29~33f4, *«a6StffloT»ffliii 

(4#8t?»294 0 t>fijW£< . #SI»31{4#8t»304 0 1, 
ftWEV*. ftttW(C(4. ffi«ffi{cfiifivvft8i7829<0flg 
(4. ASWa4^mT'J)0, #8t?g30~32£7)iil4 . 



25jumT&4. 

[0076] *£ffe$JB0j: 3^r^SI»*>1S(t4>fL-f 
BfcSftT ^4 1 . X h 5 4 THiWfiir MHW 

H 2 2 (a) iz*? 4 a taJB»fcifiv^i «HMfeW<< 

if * * v rmwfim- 1 , m 2 2 <w 4 a ic^n 
Slants*****. 

[0077] Ztilzft IX . *HSfi0®^4 5 
29~33&Wr41fB!c^-ri)Ci:tc4 , 5, Xh94 7lS# 
/KV HMfffcifil t*pffl«@12&W30®a*^»W 

T. X h 9 4 7lftM£H£ t (C4 4ft5$JgOi«*AWJ 
3*U 3K3l*<^ffi«, 02 2(c)K*-fJ:3 , C««» 
£#l*]fc-£i:&4. 

[ 0 0 7 s ] *mffl&mx'iittfm2<h~330mz 
5 1 ufc#. mm:ftmmcomt>&-f u> 5x°*>&& 

g(4=5r < . 2 i&±X'btUm®CD$))%m t>til . 

[0079] (m9cr>mmm) 112 3(4. ^m<m 

[0080] ^ftW-i^ai900O**fl<pSr«*{4. 
» 1 <OlSI*!Btt3tt6^«*U-1filBl00<O«jSfc 

ntx-hh. mtmfmmizimtmm^zttLxa 
[0081] *mmm<v*Mfov-^mmxn. P 

ffl<?>Au/Zn«ffl2atn , i/Au«ffil3A<. «fflt TO^rMf* 
£*44o<o$H!»34fcJoT#KSivCV>S. #^fil 
»34-C'«4. pMlnGaAsPay^^M9. S^ny^^h 
fl9«ttTC0painP^ 7 » H«8<0-g5*^ $ ttC|&*£ 
ixT^S. #»Sf?l34«1i(4, ^5^mT'-S-C' 
£>4. 

[0082] ««^{4, ^(S«34(C4 ->T, *tl?fl% 
S^60x/mO5o^m«A, B. C, DRtfEfc^'t^ 

tixts*). #««A~EtaEA-r6«8ai <N i Bn 

Ic. I D at/I K «0f§]t«4, I A > I B > I c > I o> I B=5r 

[ 0 0 8 3 ] *5dfi^!Bt'J4^K»34«»* 4 k 
L^* ? , ft *W^«»340»«*-f L 1 4 T* 4 

[0084] mioommem H24(4. *hbj^> 
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9si o?>mmB<vmft]s— ^saiooo^^ife^t 

[0085] FSSaiOOOO&WteflljRtt. 

ft i nmmmzm& 2 mw\/--rmmioo<7>m$.t 

[0086] 4*JBBJB<O^S»«cU--ifgM1000'Ctt. 
nSlnPS^l t nS i nGaAsPftH t^M2b 0>iafc . f y 
f-*^200niiT*J>S|lI!fftS^35*W$ilT^I.. 

iDft 3 #C7) 1 <7)«5ffl(C^ $ ftt 9 , *05tS£ffiR(4 

«6 0cr>-C**. $fc(c. *WK*U-~ fUSlOOOcOfi 
«c(4, RI»"ft»c(4*-> 5 %W*fRit«B6*<3 

h. 

[ 0 0 8 7 ] 02 5 (a)atf(b)li, ^fllftV— fiil «0 
[ 0 0 8 8 3 02 5 (a) fcli, Wtmt IX , 

HA<7)J: 5 fc«MBlB*»^a«iift:mtt'C»aSfc«!PlL, 

?<o#£ izmmt i tmntmrnt x & msmmx-co 
mx.<Q&$ . a^fiUBiBififircx f 5 4 t»me < * 

a . 2 oc7)ga*«a^ h jw> t i 94 1 * s»T'j> 6 . 

;<7>J: 3 (CftHiBififiFT* I < 3:6 1 - ff 

SIB** 4>JR 0 SJ* 4 #$£K* 5 ffi < * 6 . 
[0089] iixfc*f LT*HSfi»llO^«tb— m 
ElOOOWflf iiT'(4 . III*rtS? 35£ffirfflfflOifififc>* (30 
flfctSiifcJO, *WKIt:J:6SW81i!ifi«t*i»t43e 
3$J£<om+£ffl;$UCV>l>. 02 5(b)oft 

mtzmxdiz, m^cozmzmixmrn-* 

[ 0 0 9 0 3 , jjewrwc li. ft 1 mmmn 
u~ f SkW-wmmzmft^yii wun ufc«5ttc 

-?V >T IfcHJi LT V t £ *». ft 2 ~ft 9 OflJfcMcfc (t I) 
[009 1 3 (ftl l<n$8mm 02 6<a)(4, 

e^wft 1 1 oiofc»jBW)^ftw-i>isaiio<w)«t'*» 

4J-t*JJt4*S3S^l6lC»r)3tBriiiHTftft. 

H2 6o>)i4, mw\\m±.m^%fc.m 
mmx-h*). mtm&i>fr&£otzixb&. 

02 6 (b)lzm&^ yJ->7mtAh74 7°UX'$> 
0, :mh50'14ti. nSlnGaAsP3tmi:32^>Ji2. 
m&=?-#Wmft®3. p2lnGaAsP5tfBt&rt>l4. &tf 



[oo92j ¥m#u~ fmmwcv&mzmmi. 

ft 1 WlOt«!Dlfc:tJ»t ftiNlftl^— ■rS&BlOO*>»jfti: 
ntT**. l^tfllJSS*t:ttl^t«H*t*f ! rUT*J 

[00 93 3 *HM^®O^#f*:l/-ifSgail00t1i, 
nSlnPS8lW±fc, ftiSffiWOT^fttCttoT t>y 
#7200nm<O(3t3'& ffllfMW ft 4 CO flJBttl OTjWBjS 

IZ . Jf $ tfminvfr <2#j5Onm0)I n AsPJf 108#'flM $ ftT 
nMInPS«li:nainGaAsP3tmt5ii6«2 
fcWlBttt, ElCi»«107ayinAsP)il08ft5g3 J: 9 
HC$^50ran<7)nainPA'.y 7 r 1106^B«$ixTV^ 

[00 94 3 02 7(4, InAsP1108Offl^ftInAs y P,. y 
t*SUfc*&WAs<Offlj£lty fc . InAsPll08<7)/N'y H 
^7 7 = X^dr'-^i:c7)M«ft*-r. ^^1^0, In 
AsP1108T'(4, *OAs<?5ffljSJty*S&fli§-frS ( Ifc(Ci 

[00 9 53 =Srfc, 02 7(Ci3(tS>'N'y yTX^ 
/^-»*(4, InPacO±(ClnAsPl*>*3 h^ft 
LfvTtt®. -r^^^InAsPl^'Tffl^rtOtinPJiC^S 

[00963 02 7J;0, InAsyPj.yllOSfcfcttSAsO 
fflfiKJty ftf^O. 35WT t-TI. t , F ^ A* 7 7-1 

*/^-iR^(4. *n«fe^s^ss*u— fmmvm 

%mfc%X'bim3um£<0tm : £imz%r) . InASyP 
,- y «108(4vStt«*^Jfctt$aSU— tfft£1SlRl& 

L^L. InAs y P,. y fll08(4, 02 8(C^fJ: 
InP(1-$r*>t>y = 0) tJttRLrH-«*03tKHL 
•C^:^^)gtlf*ft*f i^Jtft. 02 9(a)(;^-t 
«J:3=5rInAs y P 1 . y ll08^Ea(Ci*L-C, 02 9(b) (c^ 

&. CiWtSft. JS*f*tS^^*JSaHB ( D F B ) 

[00973 InAs y P,.,JBl08KtJ(t4As<?5ffl«Jt 
y ft^0.35W±i;tl> t . F^+ irrx+Wf 

T-*6»1.3/inJ: 0^«#(=^0, InAs y P 1 . y JBl08(4JS 

tt«a»&tt»s*i*u--f 0 

2 9(a)(C^1-«fc-5^InAs y Pi- y ®l08coffia(=*tU-C, 
02 9 (c) Cjjrf J: d tf 0#*«ft«3Hl^riflifc:3BHb , t 
S. W#^ffi<7)^§jiM (DFB)U- 

[00983 *Hifi^©(7)fil«(Cfc(tSS«l^affi<7) 
D!]fl^ttl07S.^lnAsPiil08(4. H®W(c[MlJf^Fi: I 
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hZ b izX 0 , BJf*tt-^^ffi«HBtU— m^ttW 

BW«MBWS«iU-1ftWH't6«^:«. InAs 
P1108«DAscDffljdcJt y £$W LTI nAsPJfl08£>S$rg&£ 
SMfctJtf*£ I: aff4tt*fHK*jE«fc 

U— f SrieS-tS^ttt, InAsPJfl08<9AsOifflfKJty 
£«Jff InAsPJ|108<Oi»«ffift* SHkS* ft i t * { T 

&ft. 

i o o 9 9 ] $ t, mvm-&mmffim\/- j m. m 
ttmssmm® mu— r t m ix . e»r 

-if (c Alt LTt>, StfM4Jt««t^Kk: L 

#t±Jf * L (c < v ^b \* o f jj£ £*r$- ft . 
[0 1 0 0] **J, *£tt»«rc«, S«lfc3tfflta 
#>12 1 ^ (CnS I nPA v 7 r 11061: IS ItT V > ft . £ <0 
A'y 7 rllOMi. InAsy^.yllOS^Asfflrty *«ttlRW 
V>^tInAs y P,.,«108lC^#^JSffiM* { jDX. £>*l 

3^M^#^/Jn$ < "tifcAtClfttt feilT V^ft . InA 
s y P, . y J1108OAsffljS y *t«0. 35WT fc JtlWMS V lift 

A*.y7rJll06<OlMBi*eT'S*. 
[0101] InAsPJiHWi. In,. ) ,Ga x AsiiggV> 

{iin 1 -,Ga I As y p,. y ®-cs>-5-rt^v\ zti^commz 
m&mmkxmwt/&T/ycom*mmzMm-t&z 

[0 10 2] (»1 2 <0Stlt»IB) 03 0(a) tt, 
Bfl<7)f& 1 2^IISfiJ«> i Nlfrl'-- FS»200tf>+ 
»tfc(tft^M^[6]t»o^BiffiiaT'J)ft. *fc, 
03 0 <b)(i, ^*W-1f»{11200*±S*»4>JW:» 

03 0 (bUZ&tthJW+vymtZ h 5-f 7°14T*<5 
0, Z\<r>Xh?4 7U\t. nffilnGaAsPJtHt&WK. 

[0103] *m#i>— fmmzomm^mcmmt. 
mi i wnst^®tfcftft^«su— rmwnoonmtiL 
tmtx'bi. mmmmzumtpmmittix 

[0104] ^mmmm^m^-^mmmox'ii. 
mnpmmnmizmj£ztitzwmmi7covyi- 
a*. #®%mfoizftmiz$£;tt.ix^t. ztiizkh* 

ot. D3fl»ttll7«IH«{CJBJSKS<lfeInAsP«l08*»fe 
&ft WfdWl! y ?-*<. ftSIIJBSrffl&ttlUzXft L 
TV>ft. 



[01053 jgmsmvftmto^-' fnai2oo<o^ja 

Sr. 03 1 (a)~(f)S:#BgL-CittHB-rft. 
[ 0 1 0 6 ] 03 1 (a)(i. ¥SW|sU— •PiSBl20Ofcfc 
ttftiSttlOT, by 4 Tffimu*±.m*$>M.t:mX't> 
9. 03 1 (b){i, **>S^«tf^eff<0#ffflH*#rt 
0>#fli£*t. 03 1 (cHc^tJ^tcEItftei^tr-y 
f- Ag*«ftJB»R*lfi]t-sef b Lfc*&*)7*5 v 
^»fiAb*>^»g;fr|&K04H6£, 03 1 (d)fc^. 
[0 107] 03 1 (aJ^-Tckot, ffSffi (tilSt 
W) M<^®AX'teAh7J7mi*m.6umX'-%.X'1b 
9. -2k asS8iBHOli«CTtt^b5>f7lBi#«B.l 
u »X—%X'$> ft . WtcoralcO^ B Tli , * h 5 -f 7* 
«**BttWfcSHkLrv^. iOkS. 03 1(b)fc* 
t^Otw, !B»Etf*nefflifH8A-C«tt3.2lh ft$C 
TI4W3 .22 1 =5: 0 , Po^RHoftifS B X'it . * 
neff U«3. 20*»fett3. 22CltttW^S5fl:LT: V^ft . 75 
•y^jSS A WS A b= 2 x Ag x nef f <05$T'4 ^. ^ ft <0 
X\ 03 1 (c)fc^H-J: dCEltlflS^f yf-Ag*^ 
S£*flfc*r Ag=tt2Q3. Onm-C— %.X'$>tli£ , 7*5 
•y^aWUNi, 03 1 (d)CSff J:3fc»1.30lAti*»fe 
»1.306/ziOia-«Wt-f4. ft«f§*^|tO 

[0 108] ^fltC^LT. 03 2(e)(CSrrJ:ot. 
0tlftS : FOh-vf-AgS:^AT'{±Ag=^2O4.4nm. ft 
l*CT1iAg=*t)203.7niDt ffl«BT(±^204.4nin^ 
^f^03. 7nmCOKHT'tt^W fcSMtt ft fllJfifc ttl(f , 
7*?«y/8H!AWi, 03 1 (f)fc^ J: d 
WtWUT Ab=ttl.310/ii-C-jet**. iO«fc dfc 

75 -y a bagggsg^T-gTfcfifcr #- 

[0 10 9] (ffH3<^3ttBB) 03 2(a)tt, 
Bflomi 3^|lite0®<O^##:L'-ifi|gl3OOO4'*IS! 
^•tfcltft K»ofc BrjS0-CJ> ft . * . 
03 2(b)ti. fmi300»±»«>4>A^9 
0 . rtSWJRitfibA** «k 9 fc LTft ft . =5:fc . 
0 3 2 (b) ft a ••/ + y ?miZ h 5 A 7"14T*> 
0. dmh5^ri4{i s nSlnGaAsP3tHtiAi>6«2. 
^flfi^#F^tt«3. pSlnGaAsP7tKtjii6l4. RlA 
P I!lnP;? 5 y H*5THI«SfLTt^. 
Sl300(O5l«iS^(i . 1 . 3// m jg^T'*> ft . 

[oho] iim»*u-ifeiEi3oo<^*««fflijRtt, 
mi lomsjgjitcteftft^ftu— (f^snoow«i)« 

fcO. ^OlJiHfliidT-ti^BS-tft. 
[0111] ^HJfe^S^^U— t'^MBOOTIS. 

V i ft tT 7 f-^200nm<7)tH]fl^^l07<7)±{C , ilg{CnSl nG 

X'h^X t . nl!lnI««l^±K:»Jjt$nfeDfli!3i»ttl07 
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<7)&&t,z£<0, nSl nGaAsPftBI CftfcH2«>g £ tf£M 

-if 3S^300tt®tfr*fc£M<9#ffiffljII!U-- f t % 

[0 112] (%14C0mmBB) H3 3(a)(i. 
BJf^H 1 4cOHUfi^®W^fr^-^ai400O**a5 

H3 3 owe aw* a 7 ^-y^gptix h rut* 

0. iOAh9^n4{4. nainGaAsP3fcBJti2S^>l2, 
£SJtF#Fi3tt!3. ^BInGaAsPjtffltii«>Ji4, 

[oi 13] ^m^u—f'mmuomm^^M^t. 

mi 2<OHSfeJg®ti3{tl»^*U— fggl200««l« 
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